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AIR-FUEL RATIO CONTROL FOR INTERNAL
COMBUSTION ENGINE

BACKGROUND OF THE INVENTION 1. Field of
the Invention |

The present invention relates to a method and appara-
tus for controlling the air-fuel ratio of a mixture sup-
plied to an internal combustion engine in accordance
with the operating conditions of the engine.

- 2. Description of the Prior Art

In the past, a method has been put to practical use in
which a stoichiometric air-fuel ratio (the ratio of air and
fuel supplied or A/F=about 15:1) is detected from the
composition of the exhaust gases of an engine by an
air-fuel ratio sensor positioned in the exhaust pipe of the
engine and the air-fuel ratio to be supplied is controlled
around the stoichiometric air-fuel ratio in accordance
with the detection signal. This method provides a very
effective method of purifying the exhaust gases if it is
used in combination with a three-way catalyst.

From the standpoint of fuel consumption, however,

generally it is advantageous to determine the air-fuel
ratio greater than the stoichiometric ratio or use a mix-
ture leaner than the stoichiometric mixture. The air-fuel
ratio of this lean mixture that provides the optimum fuel
consumption is referred to as the optimum air-fuel ratio.
Methods have been devised for controlling the air-fuel
ratio at around the optimum air-fuel ratio and this air-
fuel ratio is very close to one which causes the engine to
misfire thus giving rise to disadvantages that during the
periods of acceleration and deceleration the air-fuel
ratio 1s varied thereby causing the engine to misfire and
increasing the breathing, deceleration shock or vibra-
tions and so on.

SUMMARY OF THE INVENTION

It is the primary object of this invention to provide an '

air-fuel ratio control method and apparatus which
covercome the foregoing deficiencies in the prior art
and which make use of the advantages due to a given
air-fuel ratio determined by an air-fuel ratio sensor and
the optimmum air-fuel ratio.

Thus, in accordance with the invention, during accel-
eration or deceleration, where the air-fuel ratio varies
considerably and the amounts of NOx, HC and CO
emissions in the exhaust gases are high, feedback con-
trol by an air-fuel ratio sensor is effected so as to main-
tain the air-fuel ratio at the given air-fuel ratio and
thereby purify the harmful gases, e.g., NOx, HC and
CO through a three-way catalyst. During the steady-
state operation, the air-fuel ratio is feedback controlled
at the optimum air-fuel ratio (hereinafter referred to as
an optimum feedback control) thereby improving the
fuel consumption. If a transition is made from control-
ling to the given air-fuel ratio to controlling to the opti-
mum air-fuel ratio instantaneously upon transition from
acceleration/deceleration to steady-state operation, the
engine torque is decreased rapidly causing unpleasant
shock to the vehicle. Thus, a transitional period is pro-
vided after the end of acceleration/deceleration during
which period control gradually changes over from the
given air-fuel ratio to the optimum air-fuel ratio,
thereby preventing the occurrence of any unpleasant
feeling due to any rapid decrease in engine torque. This
air-fuel ratio control method has the effect of purifying
the exhaust gases and improving the drivability and fuel
consumption rate. While the transitional period may

occur immediately after acceleration or deceleration, 1t
may sometime occur at the expiration of a given time

- after the completion of acceleration or deceleration to

enhance drivability and exhaust gas purification. Of
course, this given time may be varied In accordance

- with the conditions of acceleration or deceleration.
~_ BRIEF DESCRIPTION OF THE DRAWINGS
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FIG. 1 is a schematic diagram showing the overall
construction of an apparatus, which is useful for ex-
plaining embodiments of the present invention.

FIG. 2 is a block diagram of the control circuit
shown in FIG. 1. .

FIG. 3 is a simplified flow chart of the operations
performed by the microprocessor shown in FIG. 2.

FIG. 4 shows a data map formed in the nonvolatile -
RAM shown in FIG. 2 to store the values of a correc-
tion amount Kj.

FIG. S 1s a time chart for explaining the feedback
control for optimum fuel consumption.

FIG. 6 is a diagram showing variations in the pulse
width of an electromagnetlc fuel injector control pulse
which is computed in accordance with the operating
conditions.

FIG. 7 is a diagram sh0w1ng the relationship between
the engine speed and the air-fuel ratio and the operating
conditions.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

To control the air-fuel ratio, a basic fuel injection
quantity is first computed in accordance with the

~amount of inducted air and speed of the engine. For

open loop control, this computed value is corrected by
a correction amount K; corresponding to the cooling
water temperature or the like. To feed back control the
air-fuel ratio in response to the output of an air-fuel ratio
sensor at a given air-fuel ratio such as the stoichiometric
air-fuel ratio (hereinafter referred to as an A/F feed-
back control), the basic fuel injection quantity is cor-
rected by a correction amount K corresponding to the
output of the air-fuel ratio sensor. When feedback con-
trol for optimum fuel consumptlon is effected, the basic
fuel injection quantity is corrected by an optimum fuel
consumption correction amount K4 determined n ac-
cordance with the operating condition of the engine.
During the transitional period, the fuel injection quan-
tity is corrected by a correction amount K3. The correc-
tion amount K3 is not a factor having a fixed value but
it is a variable which changes gradually from the valve
of K3 to the value of K4, e.g., a variable which is cor-
rected each time fuel is injected during the transitional
period. As a result, if T, represents the basic fuel injec-
tion quantity or the basw pulse width of a control pulse
for the fuel injector, then the pulse width T of the fuel
injector control  pulse is  given by
T=T,XKi1XK2XK3XKs. Note that Ki=1, K3=l1
and K4=1 in the case of the A/F feedback control,
Ki=1, K;=1 and K3=1 in the case of the optimum
feedback control and Ki=1, Ky=1 and K4 1 in the
case of the transitional condition.

An embodiment of the invention will now be de-
scribed with reference to the accompanying drawings.
In FIG. 1, an engine 1 is a known type four-cycle spark
ignition engine for installation in automobiles and the
air for combustion is inducted by way of an air cleaner
2, an air flow sensor 3 which generates a voltage corre-
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sponding to the amount of air flow, a throttle valve 4
and an intake pipe 5. The fuel'is supplied from a fuel
system (not shown) by way of electromagnetic fuel
injectors 6 which are provided one for each cylinder.
The exhaust gases are discharged to the atmosphere via
an exhaust manifold 7, an exhaust pipe 8 and a three-
way catalytic converter 9. An air-fuel ratio or O3 sensor
10 1s positioned in the exhaust manifold 7. The air-fuel

ratio sensor 10 detects the air-fuel ratio from the corn-
centration of oxygen in the exhaust gases thereby gener-

ating, for example, a voltage of about 1 volt (high level)
when the air-fuel ratio is small (rich) as compared with
the stoichiometric ratio and a voltage of about 0.1 volt
(low level) when the air-fuel ratio is large (lean) as
compared with the stoichiometric ratio. This sensor
may be replaced with an air-fuel ratio sensor for detect-
ing an air-fuel ratio which is slightly leaner than the
stoichiometric ratio or a lean sensor. A temperature
sensor 11 1s mounted in the engine 1 to detect the cool-
Ing water temperature. A speed sensor 12 detects the
speed of the engine 1 to generate a pulse signal having
a period corresponding to the crankshaft speed. A by-
pass valve 13 bypasses the air flow sensor 3 and the
throttle valve 4 to control the flow of the air which is
not measured. |

A control circuit 20 is responsive to the detection
signals from the sensors 3, 10, 11 and 12 to compute a
basic fuel injection quantity and correction amounts K,
Ky, K3 and K4 and compute a desired fuel injection
quantity from the previously mentioned equation. The
~correction amounts Kt and K7 are computed from the
known expressions. As will be described later, the pre-
determined values of the correction amount K4 corre-
sponding to the engine operating conditions are stored
preliminarily so that the bypass valve 13 is opened and
closed at intervals of a predetermined number of fuel
injections and the resulting changes in the engine speed
are utilized to determine from the air-fuel ratio at that
time the direction of adjusting the air-fuel ratio to the
optimum fuel consumption air-fuel ratio, thereby suc-
cessively correcting the stored values in accordance

with the determinations. The thus corrected values of

the correction amount K4 are stored in a nonvolatile
RAM 107 which will be described later. As will be
described later, the value of the correction amount K3 is
computed to change gradually from the correction
amount K3 to the correction amount K4 and its value is
corrected in response, for example, to each fuel injec-
tion during the transitional period.

Next, the control circuit 20 will be described with
reference to FIG. 2. Numeral 100 designates a micro-
processor (or CPU) for computing the quantity of fuel
to be injected. Numeral 101 designates an engine speed
counter for measuring the engine speed in response to
the signals from the speed sensor 12. Numeral 103 desig-
nates digital input ports for transmitting to the micro-
processor 100 digital signals including the signal from
the air-fuel ratio sensor 10, the starter signal from a
starter switch 14 for turning on and off the starter
switch which is not shown, etc. Numeral 104 designates
analog mput ports including a multiplexer and an A-D
converter and serving the function of successively sub-
Jecting the signals from the air-flow sensor 3 and the
water temperature sensor 11 to A-D conversion and
reading the same into the microprocessor 100. The
output data from the units 101, 102, 103 and 104 are
transmitted to the microprocessor 100 by way of the
common bus 150. Numeral 105 designates a power sup-
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ply circuit for supplying power to the RAM 107 which
will be described later. Numeral 15 designates a battery,
and 16 a key switch of the automobile. The power sup-
ply circuit 105 is connected to the battery 15 directly
and not through the key switch 16. As a result, the
power 1s always applied to the RAM 107 which will be
described later irrespective of the key switch 16. Nu-

meral 106 designates another power supply circuit con-
nected to the battery 15 through the key switch 16. The
power supply circuit 106 supplies the power to the

component parts other than the RAM 107. The RAM
107 1s a read/write memory unit which is used tempo-
rarily during the time that a program is in operation and
1t forms a non-volatile memory so designed that the
power 1s always applied to it irrespective of the key
switch 16 and its stored contents are not lost even if the
key switch 16 is turned off thereby stopping the opera-
tion of the engine. The values of the correction amount
K4 shown in FIG. 4 are also stored in the RAM 107.
Numeral 108 designates a read only memory (ROM)
storing a program, various constants, etc. An output
circuit 109 comprises a latch, a down counter, a power
transistor etc., whereby a digital signal indicative of the
opening duration of the injectors 6 or the fuel injection
quantity computed by the microprocessor 100 is con-
verted to a pulse signal having a pulse width which
provides the actual opening duration of the injectors 6
and the pulse signal is applied to the injectors 6. An
output circuit 110 comprises a latch, a power transistor,
etc., and 1s responsive to the result of a computation
made by the CPU 100 on the basis of its input signals to
generate and apply an ON or OFF control signal to the
electromagentic bypass valve 13. A timer 111 is a circuit
for generating clock pulses and measuring the elapsed
time and it applies clock signals to the CPU 100 and a
time interrupt signal to the interrupt control unit 102.

The counter 101 is responsive to the output of the
speed sensor 12 to measure the engine speed once for
every engine revolution and supply an interrupt com-
mand signal to the interrupt control unit 102 upon com-
pletion of each measurement. In response to the applied
signal, the interrupt control unit 102 generates an inter-
rupt request signal and causes the microprocessor 100 to
execute an interrupt processing routine for the compu-
tation of fuel injection quantity.

In FIG. 3, when the key switch 16 and the starter
switch 14 are turned on so that the engine is started, the
first step or a start stepp 1000 initiates the computational
operations of a main routine so that a step 1001 performs
the operation of initialization and a step 1002 reads in a
digital value corresponding to the cooling water tem-
perature from the analog input ports 104. In response to
the result of the step 1002, a step 1003 computes a cor-
rection amount K; from the known expression and
stores the result in the RAM 107.

A step 1004 determines whether an open loop control
1s to be effected in accordance with the cooling water
temperature and the condition of the air-fuel ratio sen-
sor 10. If the cooling water temperature is below 60° C.
and the air-fuel ratio sensor 10 is not in the activated
condition, it is determined that the control mode is an
open loop control mode where no A/F feedback con-
trol and no optimum feedback control are performed, so
that the step 1004 branches to YES and a step 1005 sets
all the correction amounts K3, K3 and K4, other than
K1, to 1.0, that 1s, a condition is established where the

- corrections other than one corresponding to the cooling
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water temperature are prevented, thereby making a
return to the step 1002.

If the cooling water temperature is above 60° C. and
the sensor 10 1s 1n the activated condition, the step 1004
branches to NO and a step 1006 determines whether the
operating mode 1s the A/F feedback control mode, the
optimum feedback control mode or the transitional
mode. In this case, the correction amount K is set to
1.0. If the difference between the current air flow and
that of 0.2 seconds before, for example, is greater than
20 m3/hr, it is determined that the vehicle is at the
acceleration or deceleration operating condition and so
that A/F feedback control is to be effected. Where an
intake pressure sensor is used, the existence of the simi-
lar condition 1s determined when the difference be-
tween the current intake pressure and the intake pres-
sure of 0.2 seconds before, for example, is 100 mmHg.
While it may be arranged so that the A/F feedback
control is completed just upon termination of the accel-
eration or deceleration operation, there are cases where
even after termination of the acceleration or decelera-
tion operation the exhaust emission control must be
effected through the air-fuel ratio sensor depending on
the operating conditions of the engine and where the
- A/F feedback control must be effected during a given
time period after the termination of the acceleration or
deceleration operation from the standpoint of improv-
ing the drivability. In the description to follow, it is
assumed that the A/F feedback control is effected even
during a predetermined time after the termination of the
acceleration or deceleration operation. In this case, it is
determined that the A/F feedback control must still be
effected until the predetermined time (e.g., 10 seconds)
expires after the termination of the condition where the
intake air flow difference of over 20 m3/hr (or the in-
take presssure difference of 100 mmHg) is present. This
predetermined time may be fixed or it may be varied in
accordance with the operating conditions. If it is deter-
mined that the A/F feedback control must be effected,
a transfer 1s made to a step 1007. When the predeter-
mined time expires, it is determined that the vehicle is at
the transitional condition and a transfer is made to a step
1008. The step 1008 performs the computation of cor-
rection amount K3 as will be described later and upon
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K31t is determined that the condition is now such that
the optimum feedback control must be effected thus
transterring to a step 1009.

In response to the output signal of the air-fuel ratio
sensor 10 inputted from the digital input ports 103, the
step 1007 computes the correction amount K> or inte-
grated correction factor as a function of the elapsed
time measured by the timer 111 from the known expres-
" sion. In this case, the correction amounts K3 and K4 are
set to 1.0.

The step 1008 computes the correction amount K3
from an expression K3=K> (1—-nXKjs). Here, n is the
number of fuel injections after the start of the transi-
tional condition or after the expiration of the predeter-
mined time and Kjsis a correction factor per fuel injec-
tion which 1s stored at a predetermined addressable
location of the ROM 108. The computation of K3 is
completed when the K, (1—nXKs) becomes equal to
the correction amount K4 successively corrected and
stored in the previously-mentioned manner. In this case,
the correction amounts K2 and K4 are set to 1.0 with
respect to the correction of the fuel injection quantity.
The correction factor Ks may be a fixed value or a
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variable value. If it 1s a variable value, it 1s possible, for
example, to correct the fuel injection quantity gradually
during the early part of the transitional period and cor-
rect the fuel injection quantity rapidly during the later
half of the period. |

The step 1009 performs the computation of correc-
tion amount K4 which will be described later.

In the optimum feedback control mode, the amount
of air flow which is not measured by the air flow sensor
3 is controlled by opening and closing the bypass valve
13 to vary the air-fuel ratio and the resulting changes in
the engine speed are detected thereby determining the
direction of correcting the air-fuel ratio to attain the
optimum air-fuel ratio. In this case, while the fuel injec-
tion quantity 1s of course changed by the correction
amount K4 for obtaining the optimum fuel consumption,
during the steady-state operating condition the amount
of change of the fuel injection quantity is small and thus
the change of the air-fuel ratio due to the change of the
fuel injection quantity is almost negligibly small as com-
pared with the change of the air-fuel ratio due to the
control of the air flow through the bypass valve 13. As
a result, the fuel injection quantity can be assumed prac-
tically constant in determining the direction of correct-
ing the air-fuel ratio to obtain the optimum air-fuel ratio.
If the air-fue] ratio is varied with the fuel injection quan-
tity maintained constant, that direction which increases
the engine speed is the direction of improving the fuel
consumption.

The RAM 107 includes a data map comprising engine
speeds N and basic pulse widths T, which can be ap-
proximated to intake pressures and the desired values of
the correction amount K4 which were determined as the
result of the previously effected optimum feedback
control operations are stored in the data map in corre-
spondence to the respective operating conditions. If no
optimum feedback control has been effected so far, the
stored values are 1.0. The stored values of K4 are suc-
cessively corrected in accordance with changes in the
engine speed caused by the opening and closing of the
bypass valve 13 and the corrected values of K4 are
stored in place of the previously stored values. In FIG.
4, N, N+1, N—1, ... indicate the locations correspond-
ing to the engine speeds and Tp, Tp+1, Tp—1, . .. 1ndi-
cate the locations corresponding to the basic pulse
widths. For example, the correction amount K4 (T, N)
corresponding to the operating condition represented
by the engine speed corresponding to the location N
and the basic pulse width corresponding to the location
T,is stored at the location designated by the locations N
and T, |

Next, the computation for correcting the correction
amount K4 will be described with reference to FIG. 3.
FIG. 5 is a time chart showing the manner in which the
optimum feedback control is effected, and shown in (a)
of FIG. § is the manner in which the bypass valve 13 is
opened and closed, respectively, each time the number
of fuel injections shown in (f) reaches 20, with the high
level showing the open condition and the low level
showing the closed condition. (b) shows the pulse width
T of the control pulse for the fuel injectors 6 and the
manner in which the pulse width T is varied in response
to the correction by K4 at the time that the number of

- fuel injections reaches 80, 100 and 120, respectively.

65

Shown in (c) is the manner that the air-fuel ratio is
varied in response to the opening and closing of the
bypass valve 13 and the changes 1n the pulse width T,
that is, the manner in which the air-fuel ratio is varied
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only in response to the opening and closing of the by-
pass valve 13 until the number of fuel injections reaches
80 but after reaching 80 the air-fuel ratio is varied in
response to both the opening and closing of the bypass
valve 13 and the changes in the pulse width T. Shown 3
in (d) is the manner in which the engine speed is varied
In correspondence to the changes in the air-fuel ratio,
and shown in (e) are the numbers of clock pulses

- counted for the open and closed times of the bypass
valve 13, with P for example showing the number of 10
pulses for the interval during which the number of fuel

injections increases from 0 to 20.
With the numbers of clock pulses counted during the

intervals which are divided in steps of 20 fuel injections,
- the direction of correction to the optimum air-fuel ratio 15
1s determined in accordance with the numbers of clock
pulses for the latest four intervals. If the number of
clock pulses increases (the engine speed decreases)
when the bypass valve 13 is closed and the number of
clock pulses decreases (the engine speed increases) 20

when the bypass valve 13 is opened, it is determined
- that the fuel consumption can be improved by adjusting
the air-fuel ratio leaner. In the reverse case, the fuel
consumption can be improved by adjusting the air-fuel
ratio richer. In accordance with such determinations,
the stored values K4 written in correspondence to the
~ engine operating conditions in the data map based on
the engine speeds and the basic pulse widths substituting
- for the engine loads as shown in FIG. 4 are corrected

‘through the following computation. In other words, 30
K4=K4' —K¢ is computed for adjusting the air-fuel
ratio leaner and K4=K4'+ Kgis computed for adjusting
the air-fuel ratio richer. Here, K¢ represents the correc-
tion amount per one correction and K4' represents the
stored value of K4 previously written in the data map.

For 1nstance, at the time that the number of fuel injec-

tions i1s reaching 80 in FIG. 5, there is a relationship
P> P2 <P3>Pgsbetween the number of clock pulses Py
and Pj3 for the closed times of the bypass valve 13 and
the numbers of clock pulses P, and P4 for the open times
in FIG. § and thus K4=K4' —Kg is computed. Then,
contrary to the case of FIG. §, if there is a relationship
Pi1<P2>P3<Py, Ka=K4'+Kg is computed. Also, at
the time that the number of fuel injections is reaching
100 in FIG. 5, the relationship between the numbers of 45
clock pulses Py, P3, P4 and Ps5 corresponding to the
latest four intervals becomes P> < P3> P4 < Ps and thus
the engine speed also increases when the bypass valve is
open. As a result, K4=K4 —Kg is computed. The val-
ues of K corrected by such computations are succes-
sively stored in place of the stored values written previ-
ously in the data map of FIG. 4. Since, in the case of the
optimum fuel consumption feedback control, the pulse
width T of the control pulse is given by T=T,X K4 as
will be described later and since the value of K4 is cor- 55
rected by decreasing it by Kg for every 20 fuel injec-
tions, the pulse width T is corrected as shown in (b) of
FIG. 5. If the relationship between the numbers of
clock pulses is other than those mentioned above, the
correction of K4 is not effected. When the relationship 60
is other than those mentioned above, it is an indication
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~that the vehicle is at a special operating condition, e.g.,

the accelerator pedal is being depressed or the vehicle is
descending a slope and consequently the correction of
K4 has no significance. Note that in addition to the 65
air-fuel ratio sensor, attempts have been made to realize
‘the practical use of a lean sensor for detecting a leaner
air-fuel ratio than stoichiometric ratio (e.g., A/F=17-
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20) and it i1s possible to use this lean sensor such that the
optimum air-fuel ratio is monitored and the correction
of K4 through the lean sensor is effected in addition to
the correction of K4 in response to the opening and
closing of the bypass valve 13.

‘The computation of K4 by the step 1009 is effected in
the above-described manner and in this case the correc-
tion amounts K, and K3 are set to 1.0. The values of the

correction amounts K, K2, K3 and K4 set or computed
in the above-described manner are also successively

stored at the respective addressable locations of the
RAM 107 in place of the previously stored ones.

After the completion of these computations, a step
1010 applies a signal for changing the closed or open
condition of the bypass valve to the output circuit 110 at
intervals of 20 fuel injections.

Usually, the microprocessor 100 repeatedly executes
the processing of the main routine comprising from the
step 1002 to the step 1020. When an interrupt request
signal is applied from the interrupt control unit 102,
even if the main routine is being executed, the micro-
processor 100 immediately interrupts the execution of
the main routine and proceeds to the interrupt process-
ing routine of a step 1011.

A step 1012 inputs a signal indicative of the engine
speed N from the engine speed counter 101 and a signal
indicative of the intake air amount Q. from the analog
inputs 104 and stores them in the RAM 107.

Then, a step 1013 computes from the engine speed N
and the intake air amount Q, a basic fuel injection quan-
tity or a basic pulse width T, of the control pulse for the
fuel mnjectors 6. The computation is based on an expres-
sion Tp=F X Qa/N (where F is a constant).

A step 1014 corrects the pulse width T of the control
pulse in accordance with the correction amounts Kj,
Kj, K3and K4 computed by the main routine. The com-
putation 1S made from the expression
T=T,XKiXKyXK3XKas.

A step 1015 sets the computed pulse width T in the
counter of the output circuit 109. Then, a transfer is
made to a step 1016 and the processing is returned to the
main routine. When the processing is returned to the
main routine, the return is made to the processing step
which was interrupted by the interrupt processing. The
microprocessor 100 functions as described hereinabove.

FIG. 6 shows the manner in which the computed
pulse width T is varied. FIG. 6 shows by way of exam-
ple a case where the vehicle is first accelerated or decel-
erated and then it 1s operated in a steady-state condition.
In the Figure, the interval A indicates, for example, the
acceleration period and the following predetermined
time and during the interval the A/F feedback control
1s effected. In this case, the pulse width T is given by
T=T,X1XK2X1X1=T,XK;. The interval B is the
transitional period after the expiration of the predeter-
mined time and the pulse width T is given by
T=T,X1IX1XK3X1=T,XXj3. Since K3 is given by
K3=K3 (1—nXKjs) as mentioned previously and since
K2=1, the pulse width T is changed to T=T, (1—K5),
T=T,(1-2K;5), T=T,(1—3Ks), ... in response to the
successive fuel injections. While FIG. 6 shows the case
where K5 1s a fixed value, if it is a variable value, the
resulting stepwise variation of the pulse width T during
the interval B differs from the illustrated one. The inter-
val C indicates one where the optimum feedback con-
trol is effected after the expiration of the transitional
period and the pulse width T 1is given by
T=TpXIX1IX1IXKys=T,xXKys.
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FIG. 7 shows the relationship between the engine
speed and the air-fuel ratio during the optimum feed-
back control period, the A/F feedback control period
and the transitional period. FIG. 7 shows the case
where the vehicle at the steady-state operation is
brought to the accleration operation and it 1S again
brought to the steady-state operation. The intervals A,
B, C and D respectively indicate the optimum feedback
control period, the A/F feedback control period, the
transitional period and the optimum feedback control
period. The intervals E, F and G respectively indicate
the first steady-state operation period, the acceleration
operation period and the second steady-state operation
period. Designated at H is the predetermined time after
the completion of the acceleration operation. At the
first steady-state operation E the air-fuel ratio 1s cor-
rected by the correction amount K4 stored in the data
map of FIG. 4 as the result of the previous operation
and the vehicle is operated at the air-fuel ratios leaner
than the stoichiometric ratio as shown in the interval A.
When the vehicle driver depresses the accelerator pedal
so that the vehicle is accelerated, the A/F feedback
control is effected during the acceleration period F and
the predetermined time H after the acceleration and the
air-fuel ratio is maintained at the stoichiometric ratio as
shown in the interval B. Then, in the condition of the
second steady-state operation G the vehicle comes to
the transitional operation and thus the air-fuel ratio 1s
corrected by the correction amount K3 for every fuel
injection until it is changed from the stoichiometric
ratio to the optimum fuel consumption ratio as shown in
the interval G. When the computation of the correction
amount K3 causes the value of k3 to reach the correction
amount K4 stored in the data map of FIG. 4, the opti-
mum feedback control is again effected as shown in the
interval D. In this case, the engine speed increases as
compared with the first steady-state operation so that
the basic pulse width T, of the control pulse 1s de-
creased and the air-fuel ratio is adjusted leaner as com-
pared with the first steady-state operation.

From the foregoing it will be seen that during the
acceleration or deceleration operation the air-fuel ratio
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is maintained at the stoichiometric ratio thereby solving -

the problems of drivability and exhaust emissions dur-
ing the acceleration or deceleration, during the steady-
state operation the air-fuel ratio is controlled at one
which provides the optimum fuel consumption thereby
improving the fuel consumption, and when changing
the air-fuel ratio from the stoichiometric ratio to the
optimum fuel consumption ratio the air-fuel ratio 1s
changed gradually thereby improving the drivability
during the transition from the acceleration or decelera-
tion operation to the steady-state operation. While the
amount of change of the fuel injection quantity at each
correction by the correction amount K4is small, the fuel
consumption can be improved considerably over a long
period of steady-state operation.

While, in the above-described embodiment, during
the acceleration or deceleration operation the air-fuel
ratio is maintained at the stoichiometric ratio, the air-

fuel ratio sensor 10 may be comprised of a lean sensor so

as t0 maintain the air-fuel ratio of the mixture at a
slightly greater ratio than the stoichiometric ratio. Fur-
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ther, which the air-fuel ratio is varied as a function of 65

the number of fuel injections, it may be varied as a
function of time.
I claim:

10

1. A method for controllmg an air-fuel ratio compris-
ing the steps of:
detecting whether a predetermined engme operating
condition exists; |
detecting a relatlonshlp between an acutal air-fuel
ratio and a predetermined air-fuel ratio different
from an air-fuel ratio providing optimum fuel con-
sumption with an oxygen sensor exposed to ex-
haust gases; |
- maintaining, when said predetermined 0peratmg con-
dition of said engine is detected, the air-fuel ratio at -
said predetermined air-fuel ratio at least during said
~ predetermined operating condition;
changing gradually, during a steady-state operating
condition after the termination of said predeter-
mined operating condition, the air-fuel ratio from
said predetermined air-fuel ratio to said air-fuel
ratio providing an optimum fuel consumption; and

maintaining said optimum fuel consumption provid-

ing air-fuel ratio until said predetermmed eperatmg
condition is detected again. | |

2. A method accordmg to claim 1, wherem sald grad-
ual change to said optimum fuel consumption providing
air-fuel ratio is effected immediately after the termina-
tion of said predetermined operating condition.

3. A method according to claim 1, wherein said grad-
ual change to said optimum fuel consumption providing
air-fuel ratio is effected when a predetermined time
expires after the termination of said predetermmed op-
erating condition. S

4. A method according to clalm 1, 2 or 3, wherein
said gradual change to said optimum fuel consumption
pmwdlng air-fuel ratio is effected changing the alr-fuel
ratio at a gradually increasing rate of change.

5. A method according to claim 4, wherein said grad-
ual change to said optimum fuel consumption providing
air-fuel ratio is effected by changing the air-fuel ratio in
a stepwise manner. |

6. A method according to claim 1, wherein said step
of maintaining said optimum fuel consumption provid-

‘ing air-fuel ratio includes the steps of repeatedly in-

creasing the amount of air- at intervals of a predeter-

~mined time period, detecting a change in the speed of

said engine during said time period for increasing the
amount of air and a change in the speed of said engine
during a time period other than said time period for
increasing the amount of air, and changing the amount
of fuel in accordance with said detected changes in the
speed of said engine.
7. An apparatus for controlling an air-fuel ratlo com-
pI‘lSlIl g: |
air supply means for suppying air to an engine;
sensor means for detecting whether at least a prede-
termined engine condition exists;
oxygen sensing means, exposed to exhaust gases, for
detecting a relationship between an actual air-fuel
ratio and a predetermined air-fuel ratio different
from an air-fuel ratio providing optimum fuel con-
sumption to generate an output signal correspond-
ing to said detected relatmnshlp, |
processor means responsive to said sensor means for
determining whether said engine is at said specified
operating condition or a steady-state operating
condition and for performing a computation for
maintaining the air-fuel ratio of the mixture at said
predetermined air-fuel ratio in accordance with the
output signal from said oxygen sensing means
when it is determined that said engine is at said
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predetermined operating condition, a computation
for gradually changing the air-fuel ratio of the
mixture from said predetermined air-fuel ratio to
said air-fuel ratio providing an optimum fuel con-
sumption when it is determined that said engine is
at said steady-state operating condition and a com-
putation for maintaining said optimum fuel con-

- sumption providing air-fuel ratio until it is deter-
mined that said engine is again at said predeter-
mined operating condition; -

a read/write memory for storing the results of the
computations of said processor means at respective
addressable locations thereof: and ,

fuel supply means for supplymg fuel to be mixed with
air supplied by said air supply means in accordance
with the results of the computations of said proces-
SOr means.

8. An apparatus for controlling an air-fuel ratio com-

prlslng |

air supply means for suppling air to said engine; pl
sensor means for detecting whether at least a pre-

- determined engine condition exists:

OXygen sensing means, exposed to exhaust gases, for
detecting a relationship between an actual air-fuel
ratio and .a predetermined air-fuel ratio different
from an air-fuel ratio providing optimum fuel con-
sumption to generate an output signal correspond-—

~ ing to said detected relatlonshlp,

processor means responstve to said sensor means for
determining whether said engine is at said predeter-
mined operating condition or a steady-state operat-
ing condition and determine whether a predeter-
mined time has expired after the termination of said
predetermined operating condition and for per-
forming a computation of controlling the air-fuel
ratio at said predetermined air-fuel ratio in accor-
dance with the output signal of said detecting
means when it is determined that either said engine
1s at said predetermined operating condition or said
predetermined time has not expired, a computation
for gradually changing the air-fuel ratio from said
predetermined air-fuel ratio to said air-fuel ratio
providing an optimum fuel consumption when it is
determined that said engine is at said steady-state
operating condition after the termination of said
predetermined time and a computation for main-
taining said optimum fuel consumption providing

10

15 .

20

25

30

35

40

435

50

33

60

65

12

air-fuel ratio until it is determined that said engine
1s again at said predetermined operating condition:;

a read/write memory for storing the results of the

-computations of said processor means at respective
addressable locations thereof: and

fuel supply means for supplying fuel to be mixed with

air supplied from said air supply means in accor-
dance with the results of the computations of said
Processor means.

9. An apparatus according to claim 7 or 8, further
comprising a read-only memory for storing a fixed
value of a correction factor at a pretermined address-
able location thereof, wherein said processor means
includes a computing section for successively perform-
ing a computing for correcting the air-fuel ratio in ac-
cordance with said correction factor to effect said grad-
ual change to said optimum fuel consumption providing
air-fuel ratio.

10. An apparatus according to claim 7 or 8, further
comprising a read-only memory for storing different
values of a correction factor at a predetermined ad-
dressable location thereof, wherein said processor
means Includes a computing section for successively
performing a computation for correcting the air-fuel
ratio in accordance with a minimum value to successive
large values of said correction factor to effect said grad-
ual change to said optimum fuel consumption providing
air-fuel ratio.

11. An apparatus according to claim 7 or 8, wherein:

said apparatus further comprises:

bypass means opened and closed at a predeter-
mined period such that air bypasses said air sup-
ply means so as not to be measured by a sensor
included in said sensor means which detects an
intake condition of said engine, said air through
said bypass means being supplied to said engine
at said predetermined period, and

another detecting means for detecting a change in
the speed of said engine during each of the open
and closed times of said bypass means; and

sald processor means includes a computing section

for performing a computation for changing the
amount of fuel in accordance with said detected
engine speed changes so as to maintain said opti-

mum fuel consumption providing air-fuel ratio.
¥ % % % £
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